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Abstract 



An optical film made of multi-layered structure (25) which has a high-refractive-index layer (26) 



composed of titanium oxidic nitride, aluminum oxidic nitride, or silicon oxidic nitride. 



Data supplied from the esp@cenet database - 12 



Description 



BACKGROUND OF THE INVENTION 



1. Field of the Invention 



The invention relates to an optical film and a method for forming it, and an antireflection film and a 
method for forming it, and a reflection film and a method for forming it, and an optical device having an 
optical film. 



2. Description of the Related Art 



In recent years, optical telecommunication systems using optical fibers have been made longer in 
distance, greater in capacity, and faster in speed, and light has been used for signal transmission 
between integrated circuits. In such a manner as this, information transmission technologies utilizing 
lightwave been remarkably developed. 

In order to make a greater progress in the technologies utilizing light, it is necessary to develop a high- 
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output and stable light source precisely made, a means for precisely controlling light, a transmission 
path lower in loss, an optical transducer lower in loss, and the like. A means for precisely controlling 
light includes to use various optical films in an optical transmission path, an optical transducer, and the 
like, and to use an antireflection film, a reflection film, and the like for composing a resonator of a 
semiconductor laser (a laser diode). 

An antireflection film used for a semiconductor optical device is described in the following. 

For example, an antireflection film formed on the optical output end face of a semiconductor laser is 
required to be 0.01 % or less in reflectivity. In an ordinary technical field of lens coating, a dielectric film 
of multi-layered structure comprising 15 layers is adopted as an antireflection film in order to attain such 
reflectivity as this. 

In a semiconductor laser also, it is thought to use such a multi-layered dielectric film as this, but the 
same optical film as used in a technical field of lens coating cannot be applied to the semiconductor 
laser as it is, since a material composing the film or a method for forming the film is one of the 
determinate factors controlling life time of the optical semiconductor device. Since in a semiconductor 
laser there are restrictions on material of an antireflection film or a method for forming the film from a 
viewpoint of its composing material or its construction, there is no way except selecting a material or 
method on the basis of experimental facts. And considering difference in coefficient of thermal 
expansion between the film and the semiconductor laser, it is desirable to make the number of layers 
composing the antireflection film as small as possible. 

The smallest number of layers for obtaining reflectivity useful for the purpose of an antireflection film is 
"2". For example, a film of two-layered structure comprising optical films of high and low refractive 
indexes is used as an antireflection film derived from computing an optical propagation constant of a 
semiconductor laser of 1 .55 mu m in wavelength, in which the optical film of high refractive index is 
2.44 in refractive index and 1450 ANGSTROM in thickness and the optical film of low refractive index is 
1.37 in refractive index and 2750 ANGSTROM in thickness. The reflectivity obtained by this 
antireflection film is kept to be 0.01 % or less. 

An optical film of 1.37 in refractive index can be formed by an ordinary vacuum deposition method 
using such an optical material as lithium fluoride (LiF) or magnesium fluoride (MgF2), but an optical 
material composing an optical film of 2.44 in refractive index is unknown yet. Although zinc selenium 
(ZnSe) of 2.46 in refractive index is used as a material having a refractive index near to 2.44, this 
material cannot be greatly changed in refractive index. 

A reflection film used in an optical device is described in the following. 

For example, a reflection film for composing a resonator of a semiconductor laser is required to be low 
in loss and comparatively high in reflectivity so as to match with characteristics of the device. 

In a technical field of lens coating or the like where a wavelength range of visible light is mainly used, it 
is known that a high reflectivity of low loss can be obtained by combining such a high-refractive-index 
optical film of 2.0 to 2.4 in refractive-index as zinc sulfur (ZnS), cerium oxide (Ce02), or zinc selenium 
(ZnSe) together with such a low-refractive-index optical film of 1.35 to 1.47 in refractive-index as silicon 
oxide (Si02), MgF2, or LiF. 

However, since wavelength of a laser light is in a near infrared range in a technical field of a 
semiconductor laser made of compound semiconductor of the III to V groups, two conditions need to be 
satisfied that the high-refractive-index optical film has a higher refractive index than the above- 
mentioned refractive index of 2.0 to 2.4 and that the optical films have little light absorption so as to 
obtain a high output. Therefore, the above-mentioned materials of high refractive index are not optimal. 
Silicon (Si), germanium (Ge), and the like are known as a material satisfying the condition of having a 
high refractive index, and for example, there is a high-reflectivity film of multi-layered structure in which 
a pair of Si and Si02 layers are respectively formed in thickness of 1/4 wavelength.Although a 
reflection film of this combination is used in a semiconductor laser, it does not fully satisfy the above- 
mentioned two conditions, since Si and Ge have a light absorption band in the near infrared range. 

Although various improvements of crystal growing methods have been suggested as a method for 
reducing light absorption of the Si layer, they have hardly brought any good result. 

For example, a method of growing a silicon film by means of deposition has a merit that thermal 
damage is little given to the semiconductor because of formation of the film at a low temperature and 
the film thickness can be precisely controlled by setting a film thickness gauge inside the chamber, but 
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on the contrary the method has a demerit that the silicon film has a great light absorption since it is 
polycrystalline. 

And although a method of growing a silicon film by means of CVD can stably make a specified film 
quality, it gives some damage to the semiconductor since it is a high-temperature process. 

Even if in case of using a silicon layer as a high-refraction-index layer composing a multi-layered 
reflection film there is a method of improving its crystallinity in a low-temperature process, the silicon 
interferes with the laser oscillation when it comes in contact with the p-n junction interface of the 
semiconductor laser since the silicon is higher in electric conductivity than such dielectric as glass. 

As mentioned above, since a semiconductor laser does not give a designed performance in case that a 
specified refractive index cannot be obtained for a high-refractive-index layer to compose a multi- 
layered antireflection film or reflection film, a material of an optical film having a refractive index optimal 
for improving its performance or a method for forming such an optical film is desired. 

And an optimal refractive index of an optical film composing an antireflection film or reflection film to be 
used for a semiconductor optical device does not have only one value, but needs to be changed 
according to structure of an optical waveguide of the semiconductor laser. Therefore, a technique 
capable of freely adjusting a refractive index of the antireflection film or reflection film is desired. 



SUMMARY OF THE INVENTION 



It is an object of the present invention to provide an optical film having a high-refractive-index layer 
whose refractive index is be changed in a wide range according to its growth conditions and to provide 
a method for forming the optical film and an optical device having the optical film. And other objects of 
the invention are to provide an antireflection film having an optimal high-refractive-index layer and a 
method for forming the antireflection film and still further to provide a reflection film having an optimal 
high-refractive-index layer and a method for forming the reflection film. 

The present invention makes a high-refractive-index layer in a multi-layered optical film of titanium 
oxidic nitride(TiON) and makes a high-refractive-index layer composing a multi-layered antireflection 
film or reflection film of titanium oxidic nitride. 

A titanium oxidic nitride film is easily adjusted in refractive index in a range of 2.2 to 4.0 by properly 
choosing conditions of an ion assist deposition method. Since its growth temperature is as low as a 
silicon growth, the growing process does not affect a device characteristics in case of applying it to a 
semiconductor optical device. And the titanium oxidic nitride film is a dielectric film and so it does not 
cause electric current to leak in case that the titanium oxidic nitride film is formed on a p-n junction 
interface of the semiconductor optical device. Furthermore, since the light absorption by its crystal is 
less as compared with silicon and is as slight as ZnSe, attenuation in intensity of the optical input and 
output of the optical device is suppressed. 

Therefore, the light emission or light detection by an optical device results in being precisely controlled 
by forming a multi-layered optical film having an optimal refractive index for each of various optical 
devices. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a structural drawing for showing an example of an ion assist deposition apparatus used for 
forming an optical film of the present invention. 

Figure 2 is a characteristic graph showing relation between a deposition rate and refractive index of a 
TiON film of the present invention formed by means of an ion assist deposition method. 

Figure 3 is a characteristic graph showing relation between ion current and refractive index of an optical 
film in an ion assist deposition method to assist an element composing an optical film of the present 
invention. 

Figure 4 is a characteristic graph showing relation between a ratio of oxygen in a oxygen-nitrogen 
mixed gas and a refractive index in case of forming an optical film of the present invention by means of 
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an ion assist deposition method. 

Figure 5 is a characteristic graph showing relation between a deposition rate and refractive index of an 
optical film of the present invention formed by means of an ion assist deposition method introducing 
nitrogen and oxygen respectively from intakes different from each other. 

Figure 6 is a cross-sectional view of a semiconductor laser according to an embodiment of the present 
invention. 

Figure 7 is a graph showing relation between temperature and a percentage of the accumulated 
number of semiconductor lasers deteriorated in characteristics in a humidity test in case of applying an 
optical film of the present invention and in case of applying an optical film of the prior art. 

Figure 8 is an exterior view showing a semiconductor optical device according to another embodiment 
of the present invention. 

Figure 9 is a graph showing relation between ionizing current and refractive indexes of optical films 
respectively in case of ionizing only nitrogen and applying the ionized nitrogen to a substrate and in 
case of ionizing nitrogen and oxygen and applying the ionized nitrogen and oxygen to a substrate in an 
ion assist deposition method used in forming optical films of the present invention. 

Figure 10 is a cross-sectional view of a semiconductor laser according to still further another 
embodiment of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The present inventors thought using titanium oxidic nitride (TiON) and other oxygen and nitrogen 
compounds of dielectric instead of using ZnS, Ce02, ZnSe, Si, Ge, or the like as a material of high- 
refractive-index optical films composing a multi-layered reflection film or a multi-layered antireflection 
film. 

And as a method for forming oxidic nitride we used an ion assist deposition method which keeps low a 
heating temperature of the ground layer the TiON is to be deposited on, gives a very good adhesion of 
the TiON film and the ground layer, and makes it easy to adjust a refractive index of the TiON film. The 
ion assist deposition method is a method for forming a film by irradiating ions of plural elements onto a 
substrate. 

In case of using the ion assist deposition method for forming an optical film, two methods for controlling 
a refractive-index are thought including (1) adjusting a refractive index of an optical film by increasing a 
filling degree of the optical film through irradiating ions of a component element of the optical film onto 
the grown optical film and (2) adjusting a refractive index of an optical film by changing a composition 
ratio of elements composing the optical film, where the "filling degree" shows a degree of the number of 
holes existing in atomic unit inside an optical film formed by deposition, and the larger the filling degree 
is, the smaller the number of holes is. 

The former method (1) has a more narrow range of adjusting the refractive index, while the latter 
method (2) has a wider range of adjusting the refractive index. 

The present inventors found a method of forming an optical film having a TiON film or other oxygen and 
nitrogen compound films by means of an ion assist deposition method and a method of applying the 
optical film to such an optical device as a light detecting device, a light emitting device, and an optical 
modulator, or to such optical parts as optical fiber and lenses. The methods are described in detail in 
the following. 

Before description of an optical film according to the invention, construction of an ion assist deposition 
apparatus used for forming the optical film is described in brief. 

Figure 1 is a structural drawing for showing an overview of an ion assist deposition apparatus used for 
forming an optical film of the present invention. 

On the ceiling of a deposition chamber 1 , a rotary dome 2 (substrate supporting plate) to hold 
substrates 16 on its downside face so as to be turned by a revolving part 2a. On one corner of the 
bottom of the deposition chamber 1 , a crucible 3 of cartridge type for containing a raw material is set 



file://C:¥Documents%20and%20Settings¥kata¥My%20Documents¥espacenet¥JP71... 2003/08/25 



o/ to *x — is 



opposite to the substrate supporting face of the rotary dome 2. A shutter 5 which can freely open and 
close is set on the crucible 3, and an electron gun 4 for irradiating electrons onto the raw material in the 
crucible 3 of cartridge type is set next the crucible 3. On another corner of the bottom of the deposition 
chamber 1, an ion gun 6 of Kaufmann type (whose gas discharging outlet is 80 mm in diameter and 
1 100 mm distant from the center of the rotary dome 2) is set opposite to the substrate supporting face 
of the rotary dome 2.This ion gun 6 introduces gas through an ionizing gas introducing intake 7, ionizes 
the gas with thermal electrons from a filament (unshown), and discharges the ionized gas toward the 
rotary dome 2 by some voltage applied to an ion accelerating electrode 8. 

A gas introducing intake 9 is formed in the side wall of the deposition chamber 1 between the ion gun 6 
and the rotary dome 2, and a gas introduced through the gas introducing intake 9 is adjusted in flow by 
means of an automatic pressure regulator 1 0. An exhaust outlet 1 1 is made in the side wall of the 
deposition chamber 1 opposite to the gas introducing intake 9 and a deposition rate monitor 12 of 
crystal oscillator type is set near to the exhaust outlet 1 1 and the shutter 5. 

On the upside of the middle part of the rotary dome 2 a first film thickness monitor 13 of photoelectric 
type for monitoring film thickness with a reflected light is provided, which monitors thickness of the film 
formed on a glass substrate 14 for monitoring which is set on the downside face of the middle part of 
the rotary dome 2. And opposite to the first film thickness monitor 13 of photoelectric type and between 
the ion gun 6 and the electron gun 4, a second film thickness monitor 1 5 of photoelectric type is 
provided.which measures thickness of the film on the surface of the glass substrate 14 for monitoring 
on the basis of a light which has transmitted through the glass substrate 14. A light source of the 
transmitted light is inside the first film thickness monitor 13 of photoelectric type.The reflected light is 
0.65 mu m in wavelength and the transmitted light is 1.55 mu m in wavelength. 

Reference number 17 shows a holder for holding the substrate 16 on the downside face of the rotary 
dome 2. 

Film forming methods are described in the following. First to third embodiments relate to methods for 
forming a high-refractive-index layer to compose an antireflection film, and embodiments following them 
relate to methods for forming a high-refractive-index layer to compose a reflection film. 



(First example) 



A method for forming an optical film of the first embodiment by means of the above-mentioned ion 
assist deposition apparatus is described in the following. 

This embodiment makes a high-refractive-index optical film of TiON which composes a two-layered 
antireflection film to be used in a semiconductor laser of 1.55 mu m in wavelength as an example. It is 
desired to control an refractive index of the high-refractive-index optical film to be in a range of 2.50 to 
2.60 to make it function as an antireflection film for that wavelength. 

First, substrates 16 to have an optical film formed on them are mounted on the downside face of the 
rotary dome 2 around the glass substrate 14 for monitoring, and a crucible 3 of cartridge type filled with 
Ti305 which is a raw material is set in the deposition chamber 1 , and then gas inside the deposition 
chamber 1 is exhausted through the exhaust outlet 11. And oxygen (02) gas is introduced into the ion 
gun 6 through the ionizing gas introducing intake 7, and an ionizing current of 20 mA is run in the ion 
gun 6 by applying a voltage of 1 kV to the ion accelerating electrode 8, and the oxygen ionized by this 
is discharged inside the deposition chamber 1 . 

And then nitrogen (N2) gas is introduced into the deposition chamber 1 through the gas introducing 
intake 9. At this time a flow rate of the gas being introduced through the gas introducing intake 9 is 
controlled by the automatic pressure regulator 10, so that the pressure inside the deposition chamber 1 
is kept at 4.5 x 10 Pa. 

Furthermore, an electron beam emitted from the electron gun 4 is irradiated onto the Ti305 in the 
crucible 3 of cartridge type as changing its track by 180 degrees through a magnetic field. After 
vaporizing the Ti305 by this, the shutter 5 is opened to discharge the vapor of the Ti305 toward the 
downside face of the rotary dome 2. 

In this case, for example, a voltage of 6.0 kV is applied to an electrode inside the electron gun 4. 
Thus, the vaporized titanium oxide and the ionized oxgen and nitrogen are supplied to the substrates 
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16 under the rotary dome 2 and the monitoring glass substrate 14 beside them so that a TiON film may 
be deposited on the downside faces of them at a deposition rate of 0.3 to 1 .0 ANGSTROM /sec. The 
deposition rate can is controlled by an amount of electric current being run in the electron gun 4. 

Growth of this TiON film is detected by the film thickness monitor 13 of photoelectric type on the rotary 
dome 2. The film thickness monitor 13 of photoelectric type has a light source and a light detector, and 
a light emitted from the light source is reflected by the TiON film deposited on the surface of the 
monitoring glass substrate 14. And an amount of the reflected light is detected by the light detector and 
the film thickness is obtained on the basis of the amount of the reflected light. 

And the film thickness is detected also by the film thickness monitor 15 of photoelectric type. 

A part of the material vaporized from the crucible 3 of cartridge type is deposited on a crystal plate 
inside the deposition rate monitor 12 of crystal oscillator type, and the deposition rate is measured on 
the basis of variation in frequency of the crystal plate caused by increase of an amount of the deposited 
material. 

According to an experiment, a curve showing relation between a deposition rate and a refractive index 
is obtained as a curve a in Figure 2. Supposing that a refractive index necessary for the optical film is 
2.55 and an effective range of its variation (error) is +/-0.05, the deposition rate is controlled within a 
comparatively narrow range of 0.44 to 0.51 ANGSTROM /sec. Refractive indexes shown in the 
following are values measured on the basis of wavelength of visible light, unless specified in particular. 
Next, relation between a deposition rate and a refractive index in case of using a voltage applied to the 
electron gun 4 as a parameter is described on the basis of Figure 2. 

Figure 2 shows relation between a deposition rate and a refractive index of a TiON film by means of an 
ion assist deposition method, where the axis of abscissa shows a deposition rate of an optical film 
made of TiON and the axis of ordinate shows a refractive index of it. Curve a in Figure 2, as described 
above, shows a result of measurement of a refractive index in case of fixing at 6.0 kV a voltage applied 
to the electron gun 4 irradiating electrons onto the raw material and changing a deposition rate of the 
TiON film through changing electric current flowing in the electron gun 4. According to the result, there 
is a range of deposition rate in which a refractive index of the TiON film can be greatly varied. 

Curve b in Figure 2 shows variation of a refractive index in case of fixing a voltage applied to the 
electron gun 4 at 6.0 kV and changing a deposition rate of the TiON film through changing electric 
current flowing in the electron gun 4. It is found that variation of a refractive index of the TiON film in 
curve b is less influenced by a deposition rate and is kept at a lower level than a case in curve a. As the 
result, in case of making a film having a refractive index of 2.55 and an effective variation range of +/- 
0.05, a necessary control range of a deposition rate is so wide as 0.30 to 0.60 ANGSTROM /sec that a 
refractive index of the film may be more easily controlled because of less influence of the deposition 
rate upon variation of the refractive index. 

Curves c and d in Figure 2 show limits of adjustment of a voltage of the electron gun 4. 

The curve c in Figure 2 shows variation of a refractive index in case of fixing a voltage applied to the 
electron gun 4 at 5.0 kV and changing a deposition rate through changing electric current flowing in the 
electron gun 4. In this case, it is found to be difficult to control a refractive index of 2.55 within an 
effective range of +0.05, since the refractive index is sharply changed according to variation of a 
deposition rate. In case of growing a TiON film in a range of deposition rate where its refractive index is 
sharply changed as applying such a voltage as this to the electron gun 4,the optical film is poor in 
repeatability of its refractive index and results in having partly various refractive indexes in itself. Such 
undesirable fact is liable to appear also in case that the applied voltage is lower than 6.0 kV. 

The curve d shows variation of a refractive index in case of fixing a voltage applied to the electron gun 
4 at 9.0 kV and changing a deposition rate through changing electric current flowing in the electron gun 
4. According to this, the refractive index is more gently changed as compared with curve b, but this 
does not give a refractive index of 2.50 even at a deposition rate of 1 .0 ANGSTROM /sec. 

Thus it is found that the higher the voltage applied to the electron gun 4, the less the refractive index is 
influenced by the deposition rate. On the other hand, in case that the voltage applied to the electron 
gun 4 is too high, a range of adjusting a refractive index of the optical film is narrow and it is difficult to 
effectively adjust the refractive index. It is found that there is an optimal range for a voltage applied to 
the electron gun 4 in case of controlling a deposition rate by means of electric current flowing in the 
electron gun 4. 



file://C:¥Documents%20and%20Settings¥kata¥My%20Documents¥espacenet¥JP71... 2003/08/25 



7/15 ^— v 



According to this embodiment, in case that a voltage applied to the electron gun 4 is set in a range of 
6.0 kV to 8.0 kV on the basis of relation among a voltage applied to the electron gun 4 and an electric 
current supplied to the electron gun and a deposition rate and a refractive index, a refractive index of 
an optical film is controlled and is improved in controllability of it and an optical film having a desirable 
refractive index can be easily formed. 

The above-mentioned conditions can be applied also in case of adjusting a refractive index of an 
optical film of aluminum-oxygen-nitrogen compound, silicon-oxygen-nitrogen compound, and other 
oxygen-nitrogen compound. 

This embodiment provides an optical film forming method of adjusting a refractive index of a TiON film 
by changing a deposition rate through changing electric current of the electron gun 4 as setting a 
voltage applied to the electron gun in a range where the refractive index does not vary so much 
depending upon a deposition rate in case of forming an optical film of TiON by means of an ion assist 
deposition method. In this case, it is possible also to adjust a refractive index of an optical material itself 
by varying an ion ratio of oxygen to nitrogen in addition to a raw material of an optical film to form the 
optical film on a substrate. 



(Second embodiment) 



In the first embodiment, in case of forming a high-refractive-index layer of an antireflection film of a 
semiconductor laser of 1 .55 mu m in wavelength, only oxygen gas is introduced through the ion gun 6. 
This is for improving controllability of the refractive index. The reason is in detail described in the 
following. 

Up to now, an object of forming a film by means of an ion assist deposition method is to improve 
adhesion of the film without heating the substrate, and this property is particularly attractive in case of 
forming a film composing a semiconductor device. 

This method has an effect of making greater a refractive index of the film grown by this method by 
irradiating ions of an element composing the optical film onto the substrate, and the refractive index of 
the optical film is adjusted as described above. Figure 3 shows relation between ion current of the ion 
gun 6 and a refractive index of an optical film in case of forming the optical film of TiON by means of an 
ion assist deposition method, where the axis of abscissa shows an ion current and the axis of ordinate 
shows a refractive index of the grown optical film. 

According to curve a in Figure 3, since a raw material Ti305 is turned into Ti02 through taking in 
oxygen when irradiating oxygen ions in addition to Ti305 inside the crucible 3 of cartridge type, it is 
found that a refractive index of an optical film is little changed even in case of increasing the ion 
current. In this case, nitrogen gas is little introduced through the gas introducing intake 9. 

In case of applying this optical film forming method to forming an optical film of a semiconductor laser, if 
intensity of the ion irradiation is increased too much for the purpose of increasing the ion current, 
sufficient energy cannot be given because of damaging the semiconductor laser and therefore an 
optical film having a necessary refractive index may be not obtained. 

As a method for compensating this problem, a method is thought of forming a compound different from 
a raw material by irradiating intentionally ions not contained in the raw material inside the crucible 3. 
According to this, it is possible to greatly change a refractive index by changing an amount of ions. For 
example, in case of forming a TiON film as irradiating nitrogen ions onto the raw material Ti305, the 
TiON film greatly varies in refractive index, as shown by curve b in Figure 3. 

Namely, a refractive index can be greatly varied by implanting ions of an element, namely, nitrogen 
different from a raw material in addition to the raw material Ti305 . 

However, as known from curve b, since a refractive index is sharply increased with increase of ion 
current in a range where the ion current is near 20 mA, it is not easy to control a refractive index in a 
range of 2.45 to 2.90, for example. 

Then, when the present inventors made an ion assist operation as introducing nitrogen and oxygen at 
the same time into the ion gun 6 in addition to vaporizing the Ti305 from the crucible 3, it was found 
that oxygen was difficult to be implanted into the Ti305 and an optical film could not be greatly changed 
in refractive index. The reason is thought that nitrogen is ionized more greatly than oxygen. 
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Furthermore, when an experiment of forming a TiON film as changing a ratio of oxygen contained in a 
mixed gas of oxygen and nitrogen was conducted, a refractive index of the film was greatly changed at 
a ratio of oxygen of 90 % or more in the mixed gas, as shown in Figure 4, where the axis of abscissa 
shows a ratio of oxygen contained in the mixed gas of nitrogen and oxygen and the axis of ordinate 
shows a refractive index of the optical film. 

When a bonding state of ions of nitrogen and oxygen in an optical film was controlled by introducing 
such a gas to be comparatively intensely ionized as nitrogen through only the gas introducing intake 9 
distant from the ion gun 6 and introducing such a gas to be comparatively gently ionized as oxygen into 
the ion gun 6, an experimental result was obtained as shown in Figure 5, where the axis of ordinate 
shows a refractive index and the axis of abscissa shows a deposition rate. The deposition rate is 
controlled by changing electric current of the electron gun 4. 

It is confirmed from the curve in this figure that the formed optical film varies gently and linearly in its 
refractive index over a wide range of deposition rate. 

As known from this result, oxygen is ionized by thermal electrons emitted from a filament inside the ion 
gun 6 and the oxygen ions are taken out and accelerated by a voltage applied to an ion accelerating 
electrode 8 and the taken-out oxygen ions ionize the nitrogen introduced through the gas introducing 
intake 9 of the deposition chamber to grow a TiON film on the substrates 16. In this case, a refractive 
index of the film is determined according to a bonding state of ions of the nitrogen and oxygen 
implanted into the TiON film and the bonding state is adjusted by changing the deposition rate. 

According to such a method as this, since a refractive index of a grown optical film is not influenced by 
variation of the ion current, an optical film is formed by a gentle ion irradiation and damage to be given 
to a semiconductor laser can be reduced. 

Utilizing the above-mentioned technology, a process of forming a high-refractive-index layer composing 
a two-layered antireflection film applied to a semiconductor laser of 1.55 mu m in wavelength is 
described in the following. The two-layered antireflection film is composed of a low-refractive-index 
optical film of 1.37 in refractive index and a high-refractive-index optical film of 2.44 in refractive index. 
First, the crucible 3 of cartridge type is filled with a raw material Ti305 and is mounted inside the 
deposition chamber 1 . 

Next, a monitoring glass substrate 14 is set for measuring thickness of a deposited film on the 
downside face in the middle of the rotary dome 2 for mounting substrates, and plural substrates 16 are 
set around the glass substrate 14 with their deposition faces down. The rotary dome 2 for mounting 
substrates is revolved at a speed where irregularity in distribution of deposition flow on the surface of 
each substrate is so little as negligible. Concretely speaking, each of the substrates 16 is to be made 
into a semiconductor laser and an antireflection film is formed on its end face. 

Next, the inside of the deposition chamber 1 is exhausted by an unshown rotary pump and mechanical 
booster pump through the exhaust outlet 1 1 to a medium vacuum (1 x 10 to 1 x 10 Pa), and then is 
exhausted by an unshown cryopump to a high vacuum of 1.5 x 10 Pa. 

After this, at a point of time when the vacuum of the deposition chamber 1 has reached a target value, 
oxygen is introduced at a flow rate of 10 seem through the ionizing gas introducing intake 7 so that the 
inside of the deposition chamber 1 may be kept at a pressure of 2.6 x 1 0 Pa. And then nitrogen gas is 
introduced into the deposition chamber 1 through the gas introducing intake 9 as adjusting its flow rate 
by means of the automatic pressure regulator 10 so that the inside of the chamber 1 may be kept at a 
pressure of 4.5 x 10 Pa. After the above-mentioned preparation for deposition has been finished, 
thermal electrons emitted from the electron gun 4 having a hot cathode are irradiated onto the raw 
material Ti305 inside the crucible 3 of cartridge as changing a track of them through a magnetic field. 

In this case, the deposition rate is controlled by controlling a voltage applied to the electron gun 4 and 
changing electric current of the electron gun 4. Details of it are omitted here, since they were described 
in the first embodiment. 

Next, at a phase where the deposition rate has reached a target value, a voltage of 1 .0 kV is applied to 
the ion accelerating electrode 8 of the ion gun 6 to run an ion current of 20 mA inside the ion gun 6. 
The ion gun 6, which is of hot cathode type, ionizes an element of activated gas by colliding electrons 
against the activated gas (oxygen). Nitrogen easy to ionize is ionized above the ion gun 6 by electrons 
emitted from it. Namely, nitrogen ions are generated by generating oxygen ions by means of the ion 
gun 6 and then making them collide against nitrogen gas. After performing this ionizing process for 
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about 2 seconds, the shutter 5 over the crucible 3 of cartridge type is opened to start depositing a TiON 
film on the substrates 16. 

In a process of depositing a TiON film on the substrates 16, thickness of the TiON film deposited on the 
monitoring glass substrate 14 is monitored by means of the first and second film thickness monitors 13 
and 15 of photoelectric type. At the same time as this, a deposition rate of the TiON film is monitored by 
means of the deposition rate monitor 12 of crystal oscillator type. 

In this case, in order to obtain an optical film of 2.44 in refractive index, a deposition rate is set as 0.5 
ANGSTROM /sec on the basis of Figure 5, for example. Since a refractive index shown in Figure 5 was 
measured with a visible light of 0.63 mu m in wavelength, it was evaluated as 2.55 at a deposition rate 
of 0.5 ANGSTROM /sec, but it has been experimentally confirmed that the refractive index is evaluated 
as 2.44 when calibrating it with a light of a semiconductor laser of 1 .55 mu m in wavelength. 
Measurement of a refractive index by means of a light of 1.55 mu m in wavelength is slightly shifted 
from measurement of it by means of a visible light. 

As a result of analyzing a grown TiON film by means of a Fourier transform infrared absorption analysis 
method (FT-IR), it has been confirmed that there are O-N bonds in molecules of the TiON film and they 
compose a compound. 

According to the result of the analysis, a TiON film grown by an optical film forming method of this 
embodiment has a spectrum where peaks appear on 490 cm, 436 cm, and 395 cm which show Ti02 
and TiN. Thus it has been confirmed that the TiON film has an intermediate composition between Ti02 
and TiN and has a composition where Ti-O-N and Ti-O-O-N and the like are bonded with each other 
because its spectrum has three peaks. 

From the first and second embodiments, it is known that a refractive index of a TiON film can be easily 
controlled in a range of 2.2 to 2.9. 



(Third embodiment) 



This embodiment relates to a method for forming an antireflection film of a semiconductor laser usinq a 
TiON film. 

In order to make the best use of functionality of a semiconductor laser, it is necessary to very 
accurately control reflectivity of it and keep its antireflection film at 0.01 % or less in reflectivity. 

An antireflection film used in a semiconductor laser or the like is composed of a multi-layered dielectric 
film which has plural dielectric films in it each of which has thickness of 1/4 wavelength of a light to be 
prevented its reflection. 

Up to now, a multi-layered antireflection film composed of dielectric has been composed by layering 
plural dielectric films on a glass or plastic substrate, but in case of applying such an antireflection film 
as this to such a semiconductor device as a semiconductor laser, particularly to a compound 
semiconductor optical device, it has been known that such an antireflection film as this has a limit in its 
adhesion to a semiconductor layer composing a compound semiconductor optical device, an inner 
stress of it, its electric characteristics such as an interface level of a semiconductor substrate, a 
comprehensive life of a device, and the like. 

An object of this embodiment is to provide an antireflection film which has a small number of optical 
films to grow, good adhesive to a substrate, excellent electric characteristics of its contact face, and a 
long life, so-called, an antireflection film fit for a semiconductor substrate. 

The least number of optical film layers necessary for attaining the object, namely, for attaining a 
reflectivity of 0.01 % or less is "2" which is attained by an existing technology, and a two-layered film 
known by now is a combination of a ZnSe film and an MgF2 film. 

A semiconductor laser of 1 .55 mu m in wavelength attains a two-layered antireflection film of 0.01 % in 
reflectivity by having an optical film of 2.44 in refractive index as the first layer and an optical film of 
1 .37 in refractive index as the second layer. 

As described above, however, ZnSe has two problems. 
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First, ZnSe cannot fully attain a refractive index of 2.42 to 2.44 even if it is required as an optimal 
refractive index according to difference in structure of semiconductor lasers. ZnSe has a refractive 
index of 2.46. 

Second, ZnSe has a problem whether or not it is an adequate material in points of physical adhesion to 
a crystal of InP or InGaAsP, for example, composing a semiconductor laser and stress and durability 
and electric characteristics in the contact face and the like. For example, ZnSe has such a great 
problem that when an MgF2 film is formed on a ZnSe film the two films are liable to exfoliate from each 
other due to an internal stress generated between them, in case that ZnSe is applied to a 
semiconductor laser. 

Now, as an example, a semiconductor laser having an a nti reflection film a part of which is composed of 
an optical film good in controllability of its refractive index as described in the first and second 
embodiments is described in the following. 

In Figure 6, a semiconductor laser 21, which has a construction in which an activated layer 23 is held 
between two clad layers 22 and 24, has an antireflection film 25 formed on one end of it which is 
composed of a high-refractive-index optical film 26 and a low-refractive-index optical film 27 and has a 
reflection film 28 formed on the other end of it which is composed of a low-refractive-index optical film 
30 and a high-refractive-index optical film 29. Reference symbol 18 shows a semiconductor substrate 
having the lower clad layer 24 formed on it, symbol 19 shows an electrode formed on the downside 
face of the semiconductor substrate, and symbol 20 shows an electrode formed on the upper clad layer 
22. 

The high-refractive-index optical film 26 and the low-refractive-index optical film 27 which compose the 
antireflection film 25 are, respectively, 2.44 and 1.37 in refractive index, and in thickness they are 1/4 
wavelength of a light whose reflection is to be prevented. The high-refractive-index optical film 26 is 
formed directly on one end face of the semiconductor laser 21 . It has been found by an ordinary optical 
computation for obtaining a condition where the incident light and the reflected light are reverse to each 
other in phase that these refractive indexes are optimal to the antireflection film. 

This embodiment uses a TiON film of 2.44 in refractive index as the high-refractive-index optical film 26 
of the antireflection film 25 and uses an magnesium fluoride (MgF2) film or a lithium fluoride (LiF) film 
as the low-refractive-index optical film 27. A method for forming the TiON film composing the high- 
refractive-index optical film 26 was already described in the first and second embodiments. On the 
other hand, the high-refractive-index optical film 29 and the low-refractive-index optical film 30 which 
compose the reflection film 28 are, respectively, 2.44 and 1.37 in refractive index, and in thickness they 
are 1/4 wavelength of a light to be reflected. The low-refractive-index optical film 30 is formed directly 
on the other end face of the semiconductor laser 21 This embodiment uses a TiON film of 2.44 in 
refractive index as the high-refractive-index optical film 29 and an MgF2 film or a LiF film or silicon 
oxide (Si02 ) film as the low-refractive-index optical film 30. A method for forming the TiON film is 
described in the following. 

Figure 7 is a graph showing relation between temperature and a percentage of the accumulated 
number of semiconductor lasers deteriorated in characteristics in a humidity test of semiconductor 
lasers of the third embodiment. The axis of abscissa shows temperature ( DEG C) and the axis of 
ordinate shows a percentage of the accumulated number of semiconductor lasers deteriorated in 
characteristics (%). This figure shows a percentage of the accumulated number of semiconductor 
lasers deteriorated in characteristics by exfoliation of the reflection film in case of setting the humidity at 
65 % and changing the temperature. 

In Figure 7, curve a shows a percentage of the accumulated number of semiconductor lasers 
deteriorated in characteristics of TiON-MgF2 films of this embodiment, and curve b shows a percentage 
of the accumulated number of semiconductor lasers deteriorated in characteristics of publicly known 
ZnSe-MgF2 films. 

As clearly known from these curves a and b, a percentage of the accumulated number of 
semiconductor lasers deteriorated in characteristics of the antireflection film 25 of TiON-MgF2 of this 
embodiment in relation to temperature has been greatly improved as compared with a percentage of 
the accumulated number of semiconductor lasers deteriorated in characteristics of the ZnSe-MgF2 
films. 

Although being unshown in a figure, it is found by observing the antireflection films by means of a 
microscope that the TiON-MgF2 films of this embodiment are only changed in color instead of 
exfoliated, while the existing ZnSe-MgF2 films are exfoliated. This fact shows that an adhesive force of 
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the ZnSe-MgF2 films to a semiconductor layer is weaker in comparison with an adhesive force of the 
TiON films to a semiconductor layer. In this case, it is possible to form a TiON film being intermediate in 
refractive index between Ti02 and TiN by making the TiON film intermediate in composition between 
Ti02 and TiN. Concrete description of them is omitted here since it was already described. 

Figure 8 is a perspective view of a semiconductor optical device which has an optical modulator and a 
DFB laser integrated in it and has the above-mentioned antireflection film formed on it. 

The DFB laser 31 and the optical modulator 32 are composed of an InP crystal substrate and an 
InGaAsP layer grown on it, and the DFB laser 31 and the optical modulator 32 are divided from each 
other by an InP high-resistance layer. And the DFB laser 31 and the optical modulator 32 respectively 
have upper electrodes 33 and 34 composed of three layers of Ti, Pt, and Au as well as a common 
lower electrode 37 composed of two layers of AuGe and Au. An optical output end 35 of the optical 
modulator 32 is covered with an antireflection film 38 composed of two layers of TiON and MgFN2, and 
the end face of the DFB laser 31 opposite to the antireflection film 38 is covered with a reflection film 
36. 

The DFB laser 31 has a diffraction grating along the activated layer, and a laser light of single mode 
emitted from its output end is introduced into the optical modulator 32 side and is modulated in its 
waveguide. The optical modulator 32 has a construction for utilizing the Franz-Keldysh effect that the 
light inside the waveguide is absorbed by reduction of a band gap of the semiconductor layer caused 
by a high electric field generated by a voltage applied between the upper electrode 34 and the lower 
electrode 37, and the laser light is modulated by variation of the voltage applied to the optical modulator 
32. 

By the way, it has an influence upon a degree of single mode of the laser light whether the 
antireflection film 38 formed on the end face of the optical modulator 32 is excellent or not in 
performance. Even if the antireflection film 38 satisfies a condition of 0.01 % or less in refletivity, mode 
change in modulation (chirping) and controllability of the primary mode are varied between a case of 
using such an optical film as ZnSe slightly shifted in refractive index from a designed value and a case 
of using a TiON film exactly matched in refractive index with the designed value by controlling its 
refractive index. 

This problem appears as increase of an error bit rate in an actual optical communication system. 

The TiON film composing the two-layered antireflection film 38, as described above, is formed by 
irradiating ions of nitrogen and oxygen onto a semiconductor substrate as well as irradiating Ti305 
vaporized by an electron beam onto the semiconductor substrate. 

In this case, since a refractive index of the TiON film is determined by a bonding state of the introduced 
oxygen and nitrogen ions, a refractive index of the TiON film is controlled in a range of 2.2 to 2.9 by 
changing the bonding state as adjusting its deposition rate. In this way, a high-refractive-index optical 
film of 2.44 in refractive index is obtained which this embodiment aims at. A film thickness obtained in 
this case is 1450 ANGSTROM . 

The low-refractive-index optical film is obtained by forming an MgF2 film of 2750 ANGSTROM in 
thickness on the TiON film by means of an ordinary electron beam deposition method using MgF2 as a 
raw material inside the same deposition chamber. 

The antireflection film 38 made in such a manner as this was 0.01 % in reflectivity and its 
semiconductor laser was satisfactory in modulator characteristics. 

Such an antireflection film may be applied to a light receiving face of a light detecting device or other 
semiconductor optical devices in addition to a semiconductor laser. The TiON film shows optical 
absorption of the same degree as ZnSe. 



(Fourth embodiment) 



In the above-mentioned embodiment, it was described to use a TiON film of 2.2 to 2.9 in refractive 
index as a high-refractive-index optical film composing an antireflection film. However, in case of using 
TiON for a high-refractive-index optical film composing a multi-layered reflection film, a TiON growing 
method as described above cannot be adopted as it is, since a refractive index of 3.0 or more is 
needed from an optical theory. A TiON film is a dielectric film and does not interfere with oscillation of a 
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semiconductor laser and has a little optical absorption made by its crystal and can be formed at a low 
temperature, it can be applied to a reflection film if it attains a refractive index of 3.0 or more. 

The inventors have found that a TiON film of 3.0 or more in refractive index can be obtained by 
introducing only nitrogen gas into the deposition chamber 1 through the gas introducing intake 9 and 
into the ion gun 6 and then bonding nitrogen ions with particles to be deposited from the crucible 3 
cartridge type in case of forming a TiON film by means of an ion assist deposition method. According to 
this method, an optical film which is equivalent to Si or Ge in refractive index and is very little in optical 
absorption in a range of near infrared has been formed. 

This method is described in detail in the following. 

Figure 9 shows an effect of this embodiment in which only nitrogen ions are irradiated, where the axis 
of abscissa shows a value of electric current applied to the ion gun 6 and the axis of ordinate shows a 
refractive index of the TiON film. 

Curve a shown in Figure 9 shows a result of measuring a refractive index as changing a deposition rate 
by changing an amount of electric current applied to the ion gun 6 under a condition of irradiating ions 
of oxygen and nitrogen at the same time. 

It is known that the refractive index reaches a peak when the electric current of the ion gun 6 is 20 mA 
and the refractive index little varies even if the current is increased more. The reason is that ionizing 
energy for ionizing the oxygen and nitrogen is given by energy of ion irradiation and becomes saturated 
as keeping a certain level when it exceeds a peak energy determined according to a kind of activated 
gas. 

Curve b shows that ions to be bonded with TiO can be limited to only nitrogen by performing irradiation 
of only nitrogen ions and the refractive index is raised by increasing nitrogen content of the TiON film. 
The reason why the refractive index is still raised when the electric current of the ion gun 6 becomes 
greater than 20 mA is that since ions of only one element (nitrogen) are irradiated, nitrogen ions are 
more intensely implanted into the film and so a filling degree of the TiON film is increased. 

The inventors have found that a range of adjusting the refractive index is made wider by adjusting a 
scattering speed of particles of starting material vaporized from the crucible 3 of cartridge type in case 
of growing a TiON film. When the electric current being run in the ion gun 6 was set as 50 mA and the 
deposition rate was increased by changing the current of the electron gun 4, a refractive index of 4.0 
was obtained. Curve c shows that a filling rate of the film is increased and a range of adjusting the 
refractive index is widened in case of setting the deposition rate R as 0.5 ANGSTROM /sec by reducing 
the electric current of the electron gun 4. In the curve b, the deposition rate R is 1 .0 ANGSTROM /sec. 

According to this embodiment, a reflection film is obtained by combining a high-refractive-index TiON 
film formed by means of an ion assist deposition method where only nitrogen ions are irradiated and 
another low-refractive-index optical film together. Such a TiON film as this is formed by means of an ion 
assist deposition apparatus shown in Figure 1. 

In case of forming a TiON film by means of this apparatus, only nitrogen gas is introduced into the 
deposition chamber 1 through the gas introducing intake 9 and into the ion gun 6 and nitrogen ions 
emitted from the ion gun 6 are bonded with particles vaporized from the crucible 3 of cartridge type. 

A high-refractive-index optical film composed of TiON is used for a laser light of 1 .3 mu m to 1 .55 mu m 
in wavelength. In measuring its refractive index, a laser light of 0.63 mu m in wavelength was used. As 
described above, a refractive index of 2.55 for a light of 0.63 mu m in wavelength is slightly shifted to 
2.44 for a laser light of 1 .55 mu m in wavelength. In order to function as a multi-layered reflection film, it 
is desirable for the high-refractive-index optical film to be controlled in a range of 3.4 to 3.8 in refractive 
index. 

A method for forming a TiON film having such a refractive index is described in the following. 

First, substrates 16 are mounted on the downside face of the substrate mounting rotary dome 2 and the 
crucible 3 of cartridge type filled with Ti305 is set inside the deposition chamber 1 . After this, the inside 
of the deposition chamber 1 is exhausted by an unshown rotary pump and mechanical booster pump 
through the exhaust outlet 1 1 to a medium vacuum, and then is exhausted by an unshown cryopump to 
a high vacuum of 1 .5 x 1 0 Pa. 

At a point of time when the vacuum of the deposition chamber 1 has reached a target value, nitrogen 
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gas is introduced through the ionizing gas introducing intake 7 and a flow rate of the nitrogen gas is 
adjusted by means of the automatic pressure regulator 10 so that the inside of the deposition chamber 

1 may be kept at a pressure of 4.5 x 10 Pa. After the above-mentioned preparation for deposition has 
been finished, thermal electrons emitted from the electron gun 4 having a hot cathode are irradiated 
onto the raw material Ti305 inside the crucible 3 of cartridge type as bending a track of the thermal 
electrons through a magnetic field. In this case, the growth rate of the TiON film on the substrates 16 is 
controlled by controlling electric current of the electron gun 4. 

At a point of time when the deposition rate has reached a target value, a voltage of 1.0 kV is applied to 
the ion accelerating electrode 8 of the ion gun 6 of Kaufmann type to run an ion current of 50 mA. And 

2 seconds after starting to take out a nitrogen ion beam from the ion gun 6, the shutter 5 over the 
crucible 3 of cartridge type is opened to start deposition of TiON onto the substrates 16. 

In a process of depositing a TiON film on the substrates 16, thickness of the TiON film deposited on the 
monitoring glass substrate 14 is monitored by means of the first and second film thickness monitors 13 
and 15 of photoelectric type, and a deposition rate of the TiON film is monitored by means of the 
deposition rate monitor 12 of crystal oscillator type. 

In this case, a TiON film of 3.6 in refractive index has been formed by keeping the deposition rate at 0 5 
ANGSTROM /sec. 

The TiON film formed by this method is less in optical absorption in a range of near infrared than an Si 
film. 

In this manner, it has been confirmed by an experiment that a TiON film having a refractive index in a 
range of 2.8 to 4.0 can be formed by emitting only nitrogen ions from the ion gun 6 toward the 
substrates 16. 



(Fifth embodiment) 



This embodiment relates to a method for forming a reflection film of a semiconductor laser usinq a 
TiON film. * 

Figure 10 is a side view of a semiconductor laser of this embodiment, where the semiconductor laser 
41 has a construction in which an activated layer 43 is held between two clad layers 42 and 44. A 
cleavage surface 45 is formed at one end face of it which is to be the optical output end and a multi- 
layered reflection film 46 is formed on a cleavage surface of the other end face of it. A resonator is 
composed of the cleavage surface 45 and the reflection film 46 and a semiconductor layer between 
them. 

The reflection film 46 uses a TiON film of 3.6 in refractive index as a high-refractive-index optical film 47 
of it and an Si02 film as a low-refractive-index optical film 48 of it. Film thickness of them is 1/4 
wavelength of the light to be reflected, and the high-refractive-index optical film 47 is disposed outside 
the low-refractive-index optical film 48. 

Although the TiON film is optically similar to a reflection film using Si or Ge, since TiON is less in optical 
absorption than Si or Ge, the TiON film is more excellent as the high-refractive-index optical film 47 
composing the multi-layered reflection film 45. 

Such dielectric material as MgF2 and LiF may be used as a low-refractive-index optical film 48. 

According to the invention, as described above, since a high-refractive-index layer composing such a 
multi-layered optical film as a multi-layered antireflection or reflection film is made of oxidic nitride, it is 
possible to precisely control characteristics of a semiconductor laser by applying the high-refractive- 
index layer to the semiconductor laser as controlling the refractive index of the oxidic nitride in a range 
of 2.2 to 4.0 according to a condition of an ion assist deposition method. And by forming such an optical 
film as this on the optical input and output end faces of such an optical part as a light detecting device, 
a light emitting device, an optical filter device, and the like, their optical input and output performance ' 
can be improved in efficiency. 
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1 . An optical film of multi-layered structure comprising a high-refractive-index (26,47) layer composed 
of titanium oxidic nitride and a low-refractive-index layer (27,48). 

2. An optical film in claim 1, wherein the high-refractive-index layer (26,47) have a refractive index in a 
range of 2.2 to 4.0 for a visible light. 

3. An optical film as defined in claim 1, wherein the low-refractive-index layer (27,48) is composed of 
one of magnesium fluoride, lithium fluoride, and silicon oxide. 

4. An optical film as defined in claim 1, wherein the high-refractive-index layer (26,47) and the low- 
refractive-index layer (27,48) are formed on an optical input/output portion of an optical device (21,41). 

5. An optical film as defined in claim 4, wherein the optical device (21,41) is a laser diode. 

6 An optical film forming method comprising a process of forming a titanium oxidic nitride layer by 
means of an ion assist deposition method as a high-refractive-index layer piled up on a low-refractive- 
index layer. 

7. An optical film forming method as defined in claim 6, wherein the ion assist deposition method is a 
film forming method of vaporizing a raw material of the high-refractive-index layer by irradiating 
electrons from an electron gun onto a block of the raw material and ionizing gaseous elements different 
from each other inside and outside an ion gun and then bonding the ionized gaseous elements together 
with the vaporized raw material. 

8. An optical film forming method as defined in claim 6, wherein the raw material is titanium oxide and 
the gaseous element inside the ion gun is oxygen, and the gaseous element outside the gun is 
nitrogen. 

9. An antireflection film of multi-layered structure comprising a high-refractive-index layer (26) and a 
low-refractive-index layer (27), wherein the high-refractive-index layer (26) is composed of a titanium 
oxidic nitride film having a refractive index in a range of 2.2 to 2.9 for a visible light. 

10. An antireflection film as defined in claim 9, wherein the low-refractive-index layer (27) is composed 
of one of magnesium fluoride and lithium fluoride. 

11. An antireflection film forming method comprising: 

forming a high -refractive-index layer composed of titanium oxidic nitride on an optical input/output 
portion of an optical device by means of an ion assist deposition method; and 
forming a low-refractive-index layer on the high-refractive-index layer. 

12. An antireflection film forming method as defined in claim 11, wherein the ion assist deposition 
method is a film forming method of vaporizing a raw material of the high-refractive-index layer by 
irradiating electrons from an electron gun onto a block of the raw material and irradiating the vaporized 
raw material onto an optical input/output portion and at the same time ionizing gaseous elements 
different from each other inside and outside an ion gun and bonding the ionized gaseous elements 
together with the vaporized raw material. 

13. An antireflection film forming method as defined in claim 12, wherein the raw material is titanium 
oxide and the gaseous element inside the ion gun is oxygen, and the gaseous element outside the ion 
gun is nitrogen. 

14. An antireflection film forming method as defined in claim 12, which irradiates oxygen ionized by the 
ion gun together with the raw material onto an optical input/output portion and irradiating nitrogen 
ionized by the oxygen ions onto the optical input and output end faces. 

15. An antireflection film forming method as defined in claim 12, wherein a refractive index of the high- 
refractive-index layer is adjusted by changing a deposition rate of the high-refractive-index layer 
through changing electric current supplied to the electron gun. 

16. An antireflection film forming method as defined in claim 12, wherein a refractive index of the high- 
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refractive-index layer is adjusted by adjusting a voltage applied to the electron gun. 

17. An antireflection film forming method as defined in claim 12, wherein a refractive index the high- 
refractive-index layer is controlled by adjusting a electric applied to the ion gun. 

18. An antireflection film forming method as defined in claim 1 1 , wherein a refractive index of the high- 
refractive-index layer is adjusted by changing a deposition rate of the ion assist deposition method. 

19. A reflection film of multi-layered structure comprising a high-refractive-index layer (47) and a low- 
refractive-index layer (48), wherein the high-refractive-index layer (47) is composed of a titanium oxidic 
nitride film having a refractive index in a rang of 2.8 to 4.0 for a visible light. 

20. A reflection film as defined in claim 19, wherein the low-refractive-index layer (48) is composed of 
one of magnesium fluoride, lithium fluoride, and silicon oxide. 

21. A reflection film forming method comprising: 

forming a low-refractive-index layer on an optical input/output portion of an optical device; and 
forming a high-refractive-index layer composed of titanium oxidic nitride on the low-refractive-index 
layer by means of an ion assist deposition method. 

22. A reflection film forming method as defined in claim 21, wherein the ion assist deposition method is 
a film forming method of vaporizing a raw material of the high-refractive-index layer by irradiating 
electrons from an electron gun onto a block of the raw material and irradiating the vaporized raw 
material onto the low-refractive-index and at the same time a ionizing gaseous element from an ion gun 
and bonding the ionized gaseous element together with the vaporized raw material. 

23. A reflection film forming method as defined in claim 22, wherein the raw material is titanium oxide 
and the ionized element is nitrogen. 

24. A reflection film forming method as defined in claim 22, wherein a refractive index of the high- 
refractive-index layer is controlled by adjusting a electric current applied to the ion gun. 

25. A reflection film forming method as defined in claim 22, wherein the vaporized raw material 
composed of titanium oxide and the ionized nitrogen only are irradiated onto the low-refractive-index 
layer. 

26. A reflection film forming method as defined in claim 21, wherein a refractive index of the high- 
refractive-index layer is adjusted by changing a deposition rate in the ion assist deposition method. 

27. An optical film of multi-layer structure comprising a low-refractive-index layer and a high-refractive- 
index layer composed of one of aluminum oxidic nitride and silicon oxidic nitride. 

28. An optical film forming method comprising a process of forming a high-refractive-index layer of 
aluminum oxidic nitride or silicon oxidic nitride on a low-refractive-index layer by means of an ion assist 
deposition method, wherein the ion assist deposition method is a film forming method of vaporizing a 
raw material composing the high-refractive-index layer by irradiating electrons onto the raw material by 
means of an electron gun and at the same time ionizing gaseous elements different from each other 
inside and outside an ion gun and then bonding the ionized elements together with the vaporized raw 
material. 

29. An optical film forming method as defined in claim 28, wherein the gaseous elements different from 
each other are oxygen and nitrogen. 

30. An optical device having an optical film of multi-layered structure comprising a high-refractive-index 
layer composed of one of titanium oxidic nitride, aluminum oxidic nitride, and silicon oxidic nitride and a 
low-refractive-index layer. 
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1 

m-m. i ] fijB«f mm tmitmt?* > ± d fcsisa 
xmitmit^ > ± d &•& k a*f * n & 

ut-f *>ft vxmmhJtmmsK tgr&s-tt 

*#u mmmmmm\mmm2. 2-2. 9 wmitg. 

itK. 

«fc o Ti^a^r^s s^tK-r-sMWws »c«f t r 

£ £ t SftfS £ f 6 IB*©K3f RfitJB©H^>tr 

s^mt-rs^^ 7 KmoRHKjkMtmaom. 
->x bmw&iiz&.2>mmmBi&&.x.z>z.t.tz£.-3Tmi6 

zt\z&r) mmmmmmmommmmz&z-xmmmm 

CK*^12] irgB«T^>'s©fl8IBHJJlpmj3E£SHS-r 



(2) W7-1 139 0 1 

2 

^BM-i ^>\z^X-i^>^ntc^M^m^tXm 

B5ibR©1^2f£. 
[f*S14] ffiBifrSUltCiSLT. -f*>7*>;*HK 

mm^mf&t^mm^mizm^mmvxm^ii^t 
th\z. -i*>#>iimmmmzmti.z>xxzmAvx 

[i*si6] states <hffiB$T#B#>sfcs#&ia 

igSrHTU RiSa*f*JBtta5f*2. 8-4. Offl&fc 
K. 

[HjJt9U 7] *^©^AWA«©±(cfia*T^5£ 

a? ^*>7is7.bmm\z&nmm&mmmmv>±.\zm.ttg. 
c t fc^st-rssstR©^^. 
t->x bmme>®i<Dmmmg.&£.z-2>£tiz<kixm& 
a. 

!BWUT3!8fS$iJ:fcJS»««&HJIE«a«f*S©-hK:M 

nsrt^^isfrsw^i 8|e«©si#r©»js^ 
ft. 

mUtm 2 1 ] 1 » 2, 3, 4. 14, 16XB 

1 7gH«©W8Efia«f^«> yyftY^i/'JA. 7 
yft'JWA, K{b^U3>©^-rtlA^5.«^$nT 

40 [W*«2 2] ttCtt&n 1 6«S«©S*f^ 

[0 0 0 1] 

j£. S#tHfifcRt-€-©Jg^& SltRt^-O^JES^i* 
CO 0 0 2] 

c«e*©t**s] iS¥> SEKfk. ^»^b. mmtzn 
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3 

[0003] ^ff^Tfcffl^snsEWWi 

Mf&2tlZ>K#$3±m\Z* f©S»*&0. 0 1%OT 
[0 0 0 4] ¥»flcu— »f^^ViTt>, 5 fc^B 

[0005] R^jkK<DBtt£-r*RW*&»*&«> 
(omb'Pte^mmz r2j x&zrctb, mz.m. ss 

[0 0 0 6] IWl. 3 7<B3fc¥B«*LiF *>MgF 2 £:£ 
Zl&«sr*«aK JB*f*2. 4 4©3tt*K*«lriW*3l6 

snrv>fcv>. 2. 4 4 tcig^jasf**wr 

<5»»tUTJB*r*2. 4 eoZnSejWS^&nStf. £ 

[0007] mMi*m#u-v<op&s&mifcrzit 

»:if©^ra©««**ft*fl:tU&ft*»JfTtt» ZdS 
, ZnSe, Ce0 2 ©«fc , 5lCJB*f*3^2. 0 — 2. 4^^ 
^KB»*JtoK*»£, Si0 2 ^>MgF 2 > LiF (D<t5{CB*T 
35-1. 4 7 ft»-r«H«r*ft3e*K*lft* 
^fott*c:fcK:«k?K tt«$nr*v*R»*tf»sn*c: 

[0 0 0 8] ^V-1f<D«i»*Te*IB 



(3) 1#BB¥7- 1 1 3 9 0 1 

4 

l/4<DJS$fc^bfc#B»jea>KK*na^*s, - 

20 [0 0 0 9] Si(D*CDlRiKSa»r**iStUT, Aft 

[0 0 10] ±tc. CVDfc£5Si©j«*;£ttTfck Hff 
a? [0011] 

mm^<Dx. ^mfcu-ifovnm&izmmzit&t 
30 u-^Miz^mz^tto 

[0 0 12] ^WffX^fflOSWBitBI^Rit 

Eim&±m^fc&m<D®tf&b&mzm&x&z&ffi& 

& R»RltK£^<&?BJ*;#8;, RI«2:*0>J!M££tt 
[0 0 13] 

[«ffi£#*feT*fca&©*K] ±gau^^s«> <£M*t 
sat*. 

50 [0 0 14] ajE36*a©»j^ttfc:feV>T, UB-f * 



5 

[0 0 15] iSB»f*»tfiHSf*Jl*^^S 
#JP«i6£*U ^ISf$i«S«T$2. 2-2. 9 

\z. <t>*>tI*SftlCft^5*XS*AUT>f* 

KSkttzux}** »*tS*^»So tt££*K&ikK«> 
[0 0 17] «H2KWRf±lia©^^ftfc*liT, ME 

zzLiz^r) wimn®ttJ&m<Dmmm*mm'z> z.t& 

\&jj%&\zmm-rz> ^t^^ fl 
[oois] ttJB9f*«ic»ur, -f*>y-> 

£T&ft¥m<DMtttmz£*)mi&m&r&. z.<om 

[0 0 19] Sfctt. KJB«*Ji£fiSiJT*Jia>&fcS 
U ttKJB9r*MiUBK*2. 8-4. 0 



(4) W7-1 1 3 9 0 1 

6 

z>&ttm\z&^Tnm*mm-z>* ^tm^<o% 

[0 0 2 0] -t©Si#R<0^«**IC*V^T» flftffi^S 

z>\z&Qmfo2nz>hti*>\z. nm^a>^(DWix\nm 
t&j&mm&m&Tz^Mz&^xmmm&MW-znz 

[0 0 2 1] j»ER#K©»*#fcfc#V*T, ^bfc 
WEK»*Ht^^>^sn&a*fcnt&BftE<SJB*f* 
■ KilMt** 21 ±TO»E«JBJff*» 

[0 0 2 2] «5fc«rELfcjE»l«** 
[0 0 2 3] 

tfC^oTB*f^^2. 2-4. ocD®atrffiiw-r^>^ 

59 

[0 0 2 4] Ifc^T, 
[0 0 2 5] 

ZnS , Ce0 2 , ZnSe, Sij£^teGe&££teffl^f IC, Ktt 

«:*C*S»ft*ft:^>(TiON), ^OiCDHimftd 

TiONtT«©*»tt^fi<» TiON<&JB*r*ft»fF«* 
[0 0 2 6] -f a-^r^x hS*&&%4W0»ja£/S 

(i) *«***-r«7c**3ewiK:< 

*S»fp-TSClt. *>J;tf(2) *»©7C*S-f*>BB» 
"T*:itlcJ:0**an*3i|6*Kfl!)»jEft. ^cotu^co 

<7>2 > D(Z)®ST^coiafp&^#^^n^o 
5» m** mmiz*QWf£t<nzy£¥m<DWzm¥&&:xft 
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7 

[0 0 2 7] tfrg(l> CD^&lCfcntf, ®#f^P^«l 

[0028] *&w\zfaz>y£¥m*mm-?z>\zftiL^ 
Xs *<Dftmm<»Mmzm^%^*>Ti'7,Ymmmw 
(Dm&zmw-rz* m i *mw<DK^m*Mm-rz> 
mzm^^^>7^ bm%&m<D&tm**;~rmft t m 
x$>z> Q mm& i (D±m\z\t, ssi 6*mm~rz>\Bim 

H-A2^HfeaB2 a\z£Q\El1fc-rz>J:o\zmZ>m'T*> 
*fi#<7>*~ h U v &&\—7s 3 F-A 2 <Z>£&H 

[0 0 2 9] 3 SIC. JS»Sl©T«l©»l3temfctt, 2/ 
»>^^>^<D<^>^>6 (gfl 8 0 mm, F— A«W>£ 
Tl 1 0 0mm) tfENR F-A 2 ©StKS*ffifC»rRlUT 

smtsntfeo, £(zw:*>;tf>6rau ^wttfx 

fcU 8 ©B«IO«£EJcJ:oTlaIteH-A 

[0 0 3 0] *#*1©««0> 5 6 

tl> £cD#X^AP9^£#A$n5#Ate. BlfrJBE^ 
0teJ;0MaOTB*StlSJ:5fcl«llS*nT^ 
*. if 1 1 ©5^^X»AP 9 

[0 0 3 1] IUfeH-A2CD^<0_hfC«, Mlt^tCj: 

oTBOPt^-^-rais-ojwsaRjittn^ 1 3#tR 

Jt6n. 0«K-A2O4 l *^*^^r:^ffi^^xStg 

fr~D-i*>x>6 tm j ?Js>4<Dm<D&m\z\$* m~<D 
«i 4*Bo>i©«w&ajg3fcJc<j:oT«i3e-r«<fc'5K 

[0 0 3 2] «F^l 7te, IsHEF— A2©TB5K*K1 



(5) »H¥7- 1 1 3 9 0 1 

8 

[0033] mi mum KTfc» .heufc-r *>r 

*ft&R§Bt"«. CO^JfiW^?^ ftifcBl. 5 5 /im 

iaja*r*3t^l«©Jl*f*&2. 50frS2. 6 0 ©IBS 
[0 0 3 4] if, ^~^/B#^XS*l 4<Z>^H<D[n] 
16SgfU *&, KC»«KT»*TI 5 0s 

-r^>Yb^X#AP7^SbT-f*>^>6rtiCffi 
X (O2) #X£«»U >f*>fta««8fcl kVO« 
a? EE^ff5DUT<pr>^>6f^lC2 0mA<D-<^>m«^* 

[0 0 3 5] #*3IAP9£ffiLT^3it Oh) # 

KStl*E£fcJ;^T* §R»S[lW<0£E*^4. 5X1 

S^fcf-AcBttjS&^fci^oTl 8 OMAT^tlS: 

30 JcDTiaOs «*«fl:^>t«JC, y 9 5 £H»TiaC 
F-A 2 (DTmizfaftTmm.&tkftTZ. 
[0 0 3 6] «T#>4rt<0«Kfc, fH^tt 

6. o kv<D«jBE£BMnrr*. £<D<fc5lcSsafcsnfc 

A 2 <DTtf>*« 1 6 t^©«S©^r^fflS7Xlfi 1 

4©^n j entcft«i/T» *n&©TWteTiONBi§ 0.3 
- i.oA/s©3K»3*fl[Tji3rr*. *o**muehu 

[0 0 3 7] :i6E)Ti(ma)AAttHCF— A2M^3t«SC 

40 mm*-* 1 3tcj:D«ai^n^. -e<D5fc«saBjp^e- 
^1 3i»e«£*ttffl««ru *w^5»»*n?wt 

tt> f ©K^f #7Alfil 4Xli^SIl:*ll 
[0 0 3 8] ^coaii?«> ^m^PiP^r:^ 1 5 

50 JPlCJ:oT*CS*»«(0S»*<DK»fclcfcoT*3WB 
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(6) 

9 

5tU *r34SBB£±0. 0 5<hT5<h, 

0. 44-0. 5 1 A/sCOitiKM*Vi«HTftJ»-rS 

[0 0 3 9] «T^>4(CB3iwr^mffi&/1^^ 

(Dmmmm tmmm t <Dm%^mtmxm k> y mmm\ 10 
[0040] Hi^ASait mzm^Tz&oiz. mn 

*»fc*T&RBirr*« : 3 t »>4©«ffi*6. Ok VIC 
iLTt^. cntc^n^ TiOm<Dm$im&±mzm 

t>z>mmmmimip&&rz>. Hi<&fi«btt* 

>4<£>mjE£7. OkVlCiSU lW>4©tM 

n> TiONK©HiFf*©;^^!y^*li«sn* c tifitofr 

z>o m^^2. 5 5> &%bmm&±o. 0 

st-rzmz. mmmmvmwmw&o. 30-0. e 

[0 0 4 1] mcottlftc iftSdte, iW>4 0l 
£>mffi£5. OkVlC^feU «^#><0«at£XAT 30 
^ B#r^2. 5 5t*©*SMBH±0- 05<D|SHT 

[0 0 4 2] C©cfc5^:«H*«^>4fc93ftlU JB 
HMMlffi**6. OkViDftV^lCfe^i; 

j*^T«**ft^&*Tszfcj^**#, mmmm 

*1. 0A/s tLTt>JB»f*2. 5 0^#^MK 

[0 0 4 3] c:©J:5K:« : ?*>4^©Bijirttffi3W«< 
3„ bjfcU *^>4^coB3in*H^fl5iia^Si:, 3tt 
ft*. C©«fc5JC« : f*>4lcK-r 



«rH¥7-l 1 3 9 0 1 

[0 0 4 4] **««fc*ntf> «T^>4<z)^jnttff 

IT, f^>4<Z)tES6. 0kV*58. OkVtf) 
fBHTHHtStU 3t*KOJB«*a>«»tt3Wl«I-hU, 

m*fflm-z>mtiz*>mm~vz% a 

[0 0 4 5] SIOMINS, <t>7^Mf«tSC± 

©-r 4->««a)«i««KJLTXtfLkrc»ttr« e chic* 

[0 0 4 6] OR 2 ftJKffl) JB 1 SOB«T!tt, 
1.55 Mm©*»»U-1f <ORjtl»lId»CDiftBSr2fSJl 

[004 7] ffim<D&5\zft¥m&mi&^z>7cm 
t3C*K©a«»«>n«*«Tia^ ««itt<-r*->«ia 

[0 0 4 8] 0 3©ftil6aK:J;S£* #— hVyi?&\ 

<Dm^m^m»u-if<Dyt^mmm\z^mv. <i* 

[0 0 4 9] Zn&ffivJj8ktVT. *-hU^^SC/N 
-X 3 rt©KW»*fc**tlft VW *>*lH»K«lt 
bT«»«»tttJlft*ft^«*»^**ffi3W*6 

®Sf^^^:^<^fl:*x?^^o W^.H T13O5 \z&m<i* 

icTiwiiiflDBJfW** < mt-tZo 
[0050] ip^> n»«iKTis05 [cju^t, mmmm 
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(7) 

11 

U #f;Lfc£2. 4 5-2. 9O0lflttfi<^<V^a: 
[0 0 5 1] TiaOs ^-hU7^SA-X3^ 

-&#X£ 1 tLXJEZ\Z&m<D&tbZ>m&%0. 9 4^JL 
^4fc:fc^T> «W^*tK^C0fg^XtCfi* 

[0 0 5 2] fut, ^Oct^tCWiKW'l'^^^ 20 

[0 0 5 3] ^©H©ft*^e»ric*n&**l»<DJB»f 

LTMl 6C7)_t^TiON^^$^r^ TiON 
[0 0 5 4] £co«J;<5fc:#ifclc,fc5£, Jj6«bfcjlfi»il 

ffl £ - e«»sitB&±K^«^-r * sat* mm <dm 

[0 0 5 5] hUy^*A-X3fttJH»« 
fc. X1KS*iHlBlCF-A2<DTBO>t>ftlC««K<DJR 50 



1$ffl¥7-l 1 3 9 0 1 

fe-r^o a:*, s«i 6n Mtfrmzte^mftu-*?-? 

[0 0 5 6] #«□ 1 1 ^ILt, »S«gl|*g 

(1 X 1 0" 2 -l X 1 0" 3 Pa) 3=-C»EU 95 
^f*#>^lCJ:oTi(«fflil. 5xiO' 4 Pa^fff 

AU 3S«^lf>3£2. 6 x 1 0" 3 PaCDJE^a:-r^>o 
[0 0 5 7] ^Ol&Ku SftEAMHBl 0fc«k0SHI 

^lrtfC^AL, ^OrtSRi£^^4. 5XlO- s PafCT 

*-r *«^# > 4 {r «fc o ttu 3ft«m?a>twem 

K<fc-oTl 8 0 t*- h U y A-X 3 ft© 

[0 0 5 8] ^<z>tfr, « : ?^f>4^©Wip«ffi©*€r 
3£fWffl)U £ £ Jcm^> 4 £ <hlc J; 

1. 0 k V<Z>mjBE£H«fflU ftSBK-f t>«^2 0mA£ 
[0 0 5 9] *£V>T. ^*>#>6fc<fcD»*K:*>£: 

<D±\zimm<Dmm&mi&?z>. M^i6\znom^m 

»t5»8Tlt ^ffl»7Xfil4J:t*aSh5 
TiONBtOWS&ft^lJW^-* 13, 1 5 IcJ: fl^E— 

a:3R*3SS^E-^ 1 2tCcfcoT^r:^T^o 
[0 0 6 0] ^(7)«^> 2. 4 4<D36#R&#*fc8S>fc 
H53^&. TIONgt©*«««^0. 5A/stt5 
i^S^ft^o ^:*5> 0 5C^tM$H ttSO. 6 3 

5 5tftoWW» Ml. 
5 5 tim<D¥m#ls—'tf<D9mmigi&\Z&t>1£Z*i2. 

[0 0 6 1] «« v dK«UfcT10NK«FT— I R (7— 
Ux*Sl*»iRJH»«r) fcJ;oT»ffb&t»» TiON^ 
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13 

ckoT/$gb&TiONR<0»*S«, X 
^ h;K7)lf— ^teTi0 2 chTiN 9 Ocm 1 > 4 3 

6cm 1 , 3 9 5cB"MrSn^ ^tlK^D, TiONd*, Ti 

^3^5i^6, Ti-O-N-^Ti-O-O-Nfc: 

[oo6 2] mi* m2mmmfriE>, mm^mm^ 

2. 2-2. 9©«Hr**JCW»T€r*^t^fc^ 

So 

[0 0 6 3] *W«V-1fO«|B*-HJ«flrr«fc»fc: 

<d&&<d i x 4 vmts *tt%wfcom*w&*mm v 
[oo6 4] mnft&*)tez&mffi&<z>&:ttm±mt. 

±l&*¥mte V — if cd J: ? 4*fc, fl:^* 
[0 0 6 5] 2:©gllfi«tt, fifcftT*3fc#R©»a*4>ft 

RtL ZnSeR tMgF 2 ©ft^fcfPtS , 

[0 0 6 6] *UT, S»8&Jt«*^"rSfe«)©*# 
»4* JfcftWl. 5 5/im<&¥*#^— IfTWu B#r*J&* 
2. 4 4<Z>3t^R£lJie<hU BffWl. 3 7« 
*W-lltbfcilT»t)> 0. 0 1% 

©K«f#©R»K±Bl*««-r*2:i:39«T**. b*> 

[0 0 6 7] SI lie. ZnSeG>B*r*)&*2. 4 6T&o 

fcB»***2. 42-^2. 4 4T?**»&fc»j6rr*i: 

TSJ6JI, MAainP ^>InGaAsP £©«lWfc!B»flu 

[0 0 6 8] «^Ltf, ZnSeK<0±fcMgF«JK&ifta[-r*t 
— !ffcWHU&t*©Wi39«**^. fut, All, IB 



(8) »B¥7- 1 1 3 9 0 1 

HftJfcfcRW*-*. !f21tt, 2^77 

FS2 2, 2 4l:iotiSttl2 3ft«^H« 
U Sa«r**^IB2 6tffiHS*3t# 

i2 7j&>Sfc*ElftejfcR2 5)W»*StU *©«tfBfc 
fit* U»r*X¥R2 9 2:ttnr*3eW3 0»6ftfi 
M»l2 8^M^nrv^ a &*5, Wfl-l 8tt, TfiO 
9 9 v 2 2 ]P«j&3n£¥*fl&K* 1 9 tt, ¥S 
#K«©Tffifc»J*Sn««a, 2 0H. ±fl®£r?y 
FJ12 2 0±fc»dc$n«««S^LTViS. 
1(7 [0 0 6 9] BSlkR 2 5 ft«lftreXR9r*3E4W 
2 6 ©Biff 2 . 4 4, fflH#f*3fc£Bt 2 7 CDB#r^ 
tel. 3 7T*D* *ft5<0ffSttEJmkitb«k5£ 
t-S*ofe^l/4<7>JP2T&9. KBIfr*tffc#R2 

[0 0 7 0] Cl<D^J||«Tftt, E»l*.LtR2 5CDi^B#T 
»fc*R2 6fcbTBifr**2. 4 4 fcRWb&TIOilR 
^ fcJflU, {£B»r*3fc^R2 7 tbTlfetoRSSWiLiF R 

j*;*ttttIEfciBl» JB2*JS«ITBMBbfc. Sit 
R 2 8 *«B«***R 2 9 ©B«r*tt 2 . 4 

4, ffiBSf*7t^R 3 0 ©HSr*tt 1 . 3 7-e^D. * 
n£<D/|t£teE#t2-tir<£ 5 fcf 1 /4 

3T»0. «H«»**R2 9ft*»»^— tf 2 1©*8 
IIl:ftf^^a 8 ^LT, KB«*3fc¥R2 9£bT 
B#r^£2. 4 4fc«ffPbfcTiOMR*«V^ ffiB#T*3£ 
#R3 0&LTMtF>Rrtlr»RLiF Rftffl^*21t39«Tf* 

^ So *©TiONR*»riE-rs*ffitta©^js«T?RW-r 

[0 0 7 1] H7tt, ^3 3IJS0lfCO^#^l/-1fOSS 
TfcSo «»teM& CC) tiRU Sftlftte, ¥«H*W- 
Mtfcesxteu i&ffi£Xfcbfc»^<&EI*R<DiS« 

bTV^So 

[0 0 7 2] ^7 CO, ffi^a^, 21O^JB««|CDTi0N-Mg 

Sc-MgF2 0>»tt*ft*8«t»C&^bTV>S o Sin^CD 

F 2 C0Hltl&lJ:R2 5©fi«fc»-rs»tt*{tfR«flEft 
tt, ffi*<Z>ZnSe-lteF2©4m*ft:*»ia»J:?)#b<3t 

[0 0 7 3] H*bt^^#, M«B&lhR^® 

iWci'stWWSt fi£*OZnSe-MgF2Tf»R^iW 
RbTV^<Z>K#bT> d<D^JB«©TiON-«gF2-e«l« 

50 HJc3rJ"TS»**^ TiONO¥#*B^»TS««*fC 
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(9) 



7-113901 



15 

j££Ti0 2 chTiN <Dm&(Dffl(DmtfL&hfz^Z> Z.£lZ<kr> 

x. mtt&ttftz<DM<Dmz^&zLhipx%z> 0 -eo 
coo74] ms\t. mzm^i±±mcKttto±m&G 

m&mX&Z. DFBU— tf3 1 <h^i|g§3 2 ft, M 

ovpEtc^oTinp neasfit^co±fc^sn^in 

GaAsP ICioTfflS^n, DFBU-lf 3 1 ch^Pl 
8§3 2teInP WfittJifcJ:D*MB$TV^. fit, D 
FBW-1f 3 1 t%$mB3 2\t, TK PtRtfAuOHB 

m&ftt>te%±&mm3 3, 3 4^wr^(htfcic, au 

5o MHS3 203tttlM3 5H TiON<hMgFN 

J £(DKft®j±m3 8 tE#«l:MDFBl/- tf 3 1 CD 
SBffi«JK»M3 6 fc£t>T«toftTV>£. 
[0 0 7 5] D F B V — *tf 3 1 f J* JStt»fc»oT|HWr 
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